The upper Paraná River floodplain is composed of several marginal lagoons, making it a natural breeding ground for many fish species at developmental stages. The aim of this study is to estimate the trophic positions of these fishes based on feed intake (measured via diet) and nitrogen assimilation (measured via δ 15 N). The monthly samplings were concentrated during the spawning season in the Ivinheima River, which is located in the upper Paraná River floodplain. The specimens were grouped into preflexion, flexion and postflexion stages. Trophic positions were estimated based on the isotope value of nitrogen and on diet. During the developmental stages of P. squamosissimus, there were significant differences in the isotope values of δ 15 N; for H. edentatus, however, no significant differences were found. During the developmental stages, both species were classified as either at or above the third trophic level. Once this information is obtained for other species and components of the ecosystem, it will not only provide a more precise view of the energy allocation and flow in the ecosystem, but will also make possible for management measures to promote sustainability in this environment.
INTRODUCTION
In several fish species, changes in prey selection often result from ontogenic changes such as in the digestive tract morphology of larvae. Prey selection by fish larvae is affected by a preference for the most abundant items in the environment and prey size, which is associated with the size of the opening of the mouth (Makrakis et al. 2005) . During development, the growth of larvae leads to tissue replacement, indicating the nitrogen isotope value of their new diet (Vander Zanden et al. 1998 , Grey 2001 , Gorokhova et al. 2005 .
The analysis of fractionated nitrogen isotopes
Correspondence to: Evanilde Benedito E-mail: eva@nupelia.uem.br along the food chain permits inferences regarding the trophic position of consumers, as opposed to the usual techniques for the study of diets (observation of food selection and/or analysis of stomach contents). Based on the isotopic composition of tissues in consumers, the precise indication is obtained by the assimilated item among those ingested (Fry and Arnold 1982) . Stable nitrogen isotopes (δ 15 N) are enriched 2 to 4% from prey to predator (Deniro and Epstein 1981 , Minagawa and Wada 1984 , Pinnegar and Polunin 1999 , McCuthan Jr. et al. 2003 such that the δ 15 N values of consumers can be compared to those of producers at the bottom of the food chain to provide a quantitative and reliable measurement of the trophic position of organisms (Vander Zanden and Rasmussen 1999) .
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The upper Paraná River floodplain features a fauna that is highly adapted to the marked seasonal changes in biotic and abiotic factors imposed by the flood conditions. This environment presents abundant food and is recognized as a natural habitat for many different species of fish. The Ivinheima River sub-basin is formed by several marginal lagoons, making it an ideal habitat for the spawning and development of larvae of several fish species (Agostinho et al. 2004) . A lot of studies have analyzed the nitrogen isotope variability and the trophic position of specific species of adult fishes in the upper Paraná River floodplain (A.C. Lopes, unpublished data, Manetta et al. 2003) , but the trophic levels occupied by freshwater fish larvae during development have not yet been investigated.
According to studies conducted in the Itaipu floodplain and reservoir (Hahn et al. 1997a ), Plagioscion squamosissimus is considered a piscivore, whereas H. edentatus is a planktivorous species (Lansac-Tôha et al. 1991 , Hahn et al. 1997b , and these species are the most abundant in the samples gathered during the study. To better understand the energy flux in the Paraná River floodplain, this work investigated the fish species P. squamosissimus and H. edentatus with the aim of (1) identifying the intraspecific variations in isotope values during the developmental stages of these species, and (2) estimating their trophic positions based on feed intake (diet) and nitrogen assimilation (δ 15 N). The samples were obtained from the Ivinheima River sub-basin located in the state of Mato Grosso do Sul, in the upper Paraná River floodplain, using a conic-cylindrical plankton net in nightly cycles with four-hour intervals among samplings.
MATERIALS AND METHODS

Samples
The fish larvae were counted and identified by species. The most abundant species were Plagioscion squamosissimus (Heckel 1840) and Hypophthalmus edentatus (Spix 1829). The specimens were grouped together according to their level of notochord development into preflexion (PF), flexion (F) and postflexion (PoF) stages. For P. squamosissimus, nine samples each were collected in the preflexion and postflexion stages, and ten were collected in the flexion stage. For H. edentatus, the analysis consisted of three samples in the preflexion stage, six in the flexion stage and four in the postflexion stage.
To determine the isotope values, it was necessary to group between eight and ten individuals per sample. The stomach contents were removed from each individual to prevent the isotopic composition of the ingested items from interfering with those assimilated into the tissue of the analyzed fish.
The specimens were fixed in 70% alcohol and rinsed in distilled water to remove the excess alcohol. The samples were dried at 60 • C and ground in a ball mill until they became fine powders. All samples were sent to the Center for Nuclear Energy in Agriculture (CENA) to determine the nitrogen isotope ratios using a mass spectrometer. Based on a study by Manetta and Benedito (in press ) that used the same species in the adult phase, the isotopic results for these samples were corrected by subtracting 0.5 . This correction factor has also been used by Vander Zanden et al. (2000) and Pease et al. (2006) for several species of fishes in the adult and larval stages, respectively.
A stochastic sampling of the stomachs was conducted using the Biostatistics Program with random larvae sampling and without repositioning. For diet analysis, 113 individuals of P. squamosissimus and 81 individuals of H. edentatus were used, distributed among the preflexion, flexion and postflexion stages.
The total stomach contents of the larvae from the preflexion and flexion stages were analyzed; only 2/3 of the digestive tract from the samples of the postflexion stage were analyzed due to the accentuated level of digestion of food items in the final portion of this organ. The frequencies of occurrence of food items by developmental stage were calculated using the frequency of occurrence method (Hynes 1950 
where C i = contribution of food item i; T i = trophic position of food item i; and 1 = one trophic level above the producers.
To calculate the trophic position using diet, food items were grouped (Vander Zanden et al. 1997 ) to assume a trophic position of 1 for algae, 2.5 for cladocera, copepods, insect pupae and larvae, and 3.0 for Chaoborus.
Isotopic differences among the developmental stages of fish larvae were investigated using an analysis of variance (non-parametric) Kruskal-Wallis model, Statistica 7.1 (Stat Soft Inc. 2005).
RESULTS
ONTOGENIC VARIATION OF δ 15 N For P. squamosissimus, the mean nitrogen isotope values significantly increased (H = 7.09; p < 0.05) as the larvae developed from preflexion (8.3 ) to flexion (8.6 ) and, finally, to postflexion (8.7 ) stages. It should be noted that there was a wider range of isotope variation during the first stage of larval development (Fig. 1 ).
Significant differences were found among the isotope values of δ 15 N (H = 7.09; p < 0.05) during the different developmental stages.
The mean nitrogen values for H. edentatus did not significantly increase (H = 3.67; p > 0.05) with ontogenic development; the values during the preflexion stage (8.1 ) remained close to those calculated for the flexion stage (8.2 ), and the mean value observed during the postflexion stage was the lowest (7.9 ) (Fig. 2) . No significant differences were identified (H = 3.67; p > 0.05) in the isotope values for 15 N among the developmental stages.
TROPHIC POSITION
The food items ingested during the different stages of development of both species consisted of algae, copepods, cladocera, detritus, insect larvae and pupae, and the carnivorous Chaoborus sp. (Table I ). Detritus, larvae, pupae, and Chaoborus were observed only in the stomach contents of P. squamosissimus in small percentages during the flexion and preflexion stages.
The trophic positions calculated for P. squamosissimus and H. edentatus were situated in the third trophic level. For both species of larvae, the values of the calculated trophic positions based on diet composition (PTM d ) and δ 15 N (PT δ15N ) increased as the larvae changed stages (Fig. 3A, B) . Values for PTM d were lower than for PT δ15N during the preflexion and flexion stages of P. squamosissimus, and higher during the postflexion stage and for H. edentatus (Fig. 3A, B) .
DISCUSSION
In the present study, the ontogenic variation in δ 15 N as a result of diet composition was found in P. squamosissimus. During the preflexion stage of this species, a greater intake of algae was found relative to later developmental stages. In spite of the low diversity of ingested items during the preflexion stage, greater nitrogen isotope variability was observed. This could be a result of the combined isotope value derived from the onset of exogenous feeding and the parent isotope value (Vander Zanden et al. 1998 ) and/or the lipid reserve of the egg (Lesage et al. 2001) . This can generate an increase in isotope variability, causing errors in the identification of the real assimilated food items and, consequently, the trophic position.
The mean isotope values of the flexion and postflexion stages for P. squamosissimus were increased relative to preflexion stages. During these same stages of larval development, an increase was observed in the frequency of occurrence of zooplankton (Cladocera and Copepoda), and benthic macroinvertebrates in diet were observed. This is likely related to the growth of the individual, which leads to an improvement in its natatory ability and food capture besides the increase in mouth size, among other morphological changes (Makrakis et al. 2005) . This result was also observed by Vander Zanden et al. (1998) and Grey (2001) , who identified the association between larval growth and increase in δ 15 N for the larvae of Micropterus dolomieu and Salmo trutta L., respectively. Conversely, no ontogenic alterations were observed in nitrogen isotope values and diet composition for H. edentatus. The diet of this species consisted of algae and cladocera during all stages of development. The absence of significant differences in nitrogen isotope values throughout development was For H. edentatus, an increase was observed in the trophic position values (PTM d and PT δ15N ) throughout development, with the exception of PT δ15N in the postflexion stage. The lower value of the trophic position in the postflexion stage may be related to planktivorous feeding habits and the filter-feeding mechanism, which occur during the juvenile stage of this species (Makrakis et al. 2005 ) as a result of alterations in the gill rakers, which develop more rapidly during this stage and are longer and more numerous in the first branchial arch, decreasing in size and number toward the fourth branchial arch. According to Gerking (1994) , all filtering species undergo changes in their food acquisition methods between the larval and adult stages. Initially, the larvae are predators, and their filtration mechanisms develop with the increasing of the body size. The transition from one feeding behavior to another is gradual, with an intermediate stage when the young fish feeds using both the particulate and the filter-feeding methods.
For the larvae of P. squamosissimus and H. edentatus, the trophic positions calculated by diet composition and δ 15 N, during the developmental stages were always close to the third trophic level. Leite et al. (2002) conducted studies in lagoons of the Amazon River floodplain on eight species of larvae from detrivorous and carnivorous fish and assigned them to the second and third trophic levels, indicating that fish larvae are primary carnivores during their initial stages of development regardless of their future trophic category as adults.
The association between the two methodologies employed in the present study for the investigation of food chains in neotropical ecosystems allows for greater accuracy in the definition of the ecological role of the different species that exist in the complex networks of trophic interactions. Nevertheless, many causes of variation identified in this study warrant further investigation. Studies describing the isotope variations associated with invertebrates are still in their early stages and should shed light on the role of detritus and the microbial loop in the food chains of freshwater ecosystems. Once these gaps are filled, they will not only provide a more precise view of the energy allocation and flow in the ecosystem, but will also make possible for management measures to promote sustainability of environments that are severely threatened by anthropogenic impacts, as the case of floodplain areas.
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